Effect of tillage, crop rotation and innovative nitrogen and pesticide management practices on productivity, sustainability and water quality by Kanwar, Rameshwar S. et al.
Leopold Center Completed Grant Reports Leopold Center for Sustainable Agriculture
1997
Effect of tillage, crop rotation and innovative
nitrogen and pesticide management practices on
productivity, sustainability and water quality
Rameshwar S. Kanwar
Iowa State University, rskanwar@iastate.edu
Douglas Karlen
United States Department of Agriculture
Cynthia A. Cambardella
United States Department of Agriculture
Thomas B. Moorman
United States Department of Agriculture, tom.moorman@ars.usda.gov
T. R. Steinheimer
United States Department of Agriculture
See next page for additional authors
Follow this and additional works at: http://lib.dr.iastate.edu/leopold_grantreports
Part of the Bioresource and Agricultural Engineering Commons, Microbiology Commons, and
the Soil Science Commons
This Article is brought to you for free and open access by the Leopold Center for Sustainable Agriculture at Iowa State University Digital Repository. It
has been accepted for inclusion in Leopold Center Completed Grant Reports by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Kanwar, Rameshwar S.; Karlen, Douglas; Cambardella, Cynthia A.; Moorman, Thomas B.; Steinheimer, T. R.; and Colvin, Thomas S.,
"Effect of tillage, crop rotation and innovative nitrogen and pesticide management practices on productivity, sustainability and water
quality" (1997). Leopold Center Completed Grant Reports. 94.
http://lib.dr.iastate.edu/leopold_grantreports/94
Lead Investigators
Rameshwar S. Kanwar, Douglas Karlen, Cynthia A. Cambardella, Thomas B. Moorman, T. R. Steinheimer,
and Thomas S. Colvin
This article is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/leopold_grantreports/94
COMPETITIVE GRANT Leopold Center REPORT 
L E O r O L  P C E N T E  R 93-14 FOR SUSTAINABLE AGRICULTURE 
Effect of tillage, crop rotation, and innovative nitrogen 
and pesticide management practices on productivity, 
sustainability, and water quality 
Abstract: Better nitrogen (N) management practices can improve nitrogen uptake and possibly reduce 
nitrogen leaching to groundwater. More efficient herbicide use can decrease or eliminate the herbicide 
leaching losses to water sources. In this project, the effects of seven N management practices on water 
quality were evaluated after collecting data from 40 experimental plots. Lower rates of N application and 
strip and hay cropping systems help produce lower concentrations of NO3-N in the shallow groundwater 
in comparison with the higher rate of N application. Also, banding of herbicides has resulted in lower 
herbicide losses to shallow groundwater. The use of the late spring NO3-N test (LSNT) and strip cropping 
show a great deal of promise to protect water quality. 
Background 
Over 800 of the nation's 1437 counties report 
contamination by agricultural chemicals, with 
nitrate-nitrogen being the most commonly 
detected chemical. In Iowa, the incidence of 
agricultural chemicals being found in surface 
and groundwater is increasing. Nitrogen from 
manure or fertilizers and pesticides applied to 
the soil surface prior to and immediately fol­
lowing the planting operation is particularly 
susceptible to loss through surface runoff or 
leaching to groundwater. Farmers need infor­
mation to help them select a combination of 
farming practices (including tillage, crop rota­
tion, manure applications, and chemical man­
agement) that will minimize the movement of 
soil-applied chemicals into the Iowa's water 
sources. 
Efficient use of livestock manure can be a 
sustainable practice for many Iowa farmers. 
An average of 73 percent of Iowa farms have 
livestock, but only 49 percent of these farmers 
reported taking fertilizer credit for the manure 
they applied to their fields. Although only 49 
percent of Iowa farmers surveyed reported 
taking fertilizer credit for the manure they 
applied to their fields, liquid swine manure 
could provide all the nutrients needed for 
continuous corn for six years, according to on-
farm research. 
Swine production in Iowa has changed signifi­
cantly in recent years. The output of today's 
large production systems may have adverse 
impacts on surface and groundwater quality. 
Of particular concern are the surface runoff 
losses of nitrogen and phosphorus and the 
leaching losses of nitrogen as nitrate-nitrogen. 
The potential of pathogenic bacteria being 
transferred from land receiving animal ma­
nures to water resources used for human con­
sumption and recreation is also worrisome. 
Nitrate-N loss through subsurface drainage 
depends primarily on the volume of water 
drained. Other than controlling the drainage, 
little can be done to alter drainage volume. A 
more cost effective way to reduce nitrate-N 
loss may be nitrogen management. Ideally, 
nitrogen should be managed so nitrogen re­
lease and crop uptake are synchronized. 
Splitting fertilizer applications is one strategy 
for reducing the amount of nitrate-N in the soil 
at a given time. Four smaller N fertilizer 
applications throughout the growing season 
on a sandy soil resulted in lower nitrate-N 
concentrations in soil solution and in a shallow 
aquifer than a single spring application. Split 
N fertilizer applications may also reduce ni-
trate-N loss and increase efficiency of nitro­
gen use by corn. 
Another strategy for potentially reducing ni-
trate-N leaching losses is applying manure. 
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Greater downward movement of nitrate-N in 
soil and higher nitrate-N concentrations in soil 
water have been documented under commer­
cial fertilizer applications compared to ma­
nure applications. 
Surface tillage alters soil hydraulic character­
istics. Reduced and no-till practices are often 
regarded as the best management practices for 
erosion control. However, past research has 
indicated that such practices could have nega­
tive implications for groundwater quality. 
Specific objectives of this study were to: 
1) determine the effects of five N manage­
ment practices on shallow groundwater 
quality under corn-soybean rotation, 
2) determine the effects of two alternate N 
management practices on water quality 
under continuous corn with only chisel 
plow as the primary tillage practice, and 
3) determine the effect of alternate crop man­
agement systems; strip cropping and an 
N-free cropping system. 
Approach and methods 
The experiments were conducted at the Iowa 
State University Northeast Research Center 
near Nashua, Iowa. Soils there have season­
ably high water tables and benefit from sub­
surface drainage. At the Nashua site, there are 
40 one-acre experimental plots with fully 
documented tillage and cropping records for 
the past 17 years. The plots are equipped with 
individual sumps and subsurface draining 
metering and monitoring devices for collect­
ing water sample for nitrate-N and pesticides 
analysis. Four plots were equipped with H-
flumes to collect surface runoff samples for 
water quality. Beginning in 1993, new farm­
ing systems were established on 36 one-acre 
plots. Included were two tillage systems (chisel 
plow and no-till), two crop rotations (continu­
ous corn and corn-soybean), seven nitrogen 
management systems (late spring N test, re­
duced applications of N at a rate of 100 and 120 
lb/ac from commercial fertilizer and swine 
manure, strip cropping, and hay crop), and a 
comparison between broadcast and banding 
applications of herbicides. 
Results and discussion 
The first year (1993) was extremely wet (40 
inches of rainfall vs. 30 inches in a normal 
year) and the differences in precipitation re­
corded over three years had a significant im­
pact on nitrate-N leaching to shallow ground­
water and higher N uptake by corn. 
Drainage volumes observed in the no-till plots 
differed greatly, which may reflect past tillage 
and cropping practices. System 2 (no-till) had 
the greatest drainage volume during years when 
corn was planted, while no significant differ­
ence was noted during years when soybeans 
were planted. 
Achieving the desired N applications rates 
with liquid swine manure continues to chal­
lenge farmers and researchers. Despite re­
peated careful efforts to maintain N applica­
tion rates of 100 to 120 lb/ac for liquid manure, 
researchers found that sampling showed N 
rates considerably in excess (ranging from 212 
to 448 lb/ac) of the target amount. Since the 
actual nitrogen applied to the manure plots 
was much higher than the fertilizer plots in 
1994 and 1995, the comparisons did not pro­
vide a good test. 
The data did illustrate that high application 
rates in manure can result in higher nitrate-N 
concentrations occurring under continuous 
corn plots and the cumulative effect of these 
high rates was apparent in these plots. But the 
high drainage volume observed in 1993 re­
sulted in the greatest nitrate-N losses for both 
continuous corn and rotation plots, implying 
that precipitation is a major factor in losses 
from the field. 
Three-year average concentrations show that 
nitrate-N concentrations were lowest during 
years when soybeans were planted and highest 
under continuous corn. The data suggest that 
crop rotation can be used to lower nitrate-
nitrogen concentrations in subsurface drain­
age water. 
In the no-till system, LSNT (late-spring nitro­
gen test) plots had significantly lower nitrate-
N losses with drainage water in comparison 
with single N application plots receiving 112 
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kg/ha under the no-tillage system. Results 
also indicate that with the combination of 
LSNT and no-till, it is quite possible to bring 
the nitrate-N concentrations in drainage water 
down to or even below 10 ppm (the drinking 
water standard). Forage and strip cropping 
systems could also reduce nitrate-N concen­
trations well below the 10 ppm level. Overall, 
several nitrogen management systems (LSNT, 
strip-cropping, alfalfa crop, single N applica­
tion of 100/lb/ac) could be used successfully to 
reduce leaching of nitrate-N to shallow ground­
water. 
Data on pesticide (atrazine and metolachlor) 
losses to subsurface drainage water for three 
years indicate that herbicide losses are more 
affected by the amount of rainfall and resulting 
runoff rather than the N management system. 
Banding of herbicides appears to be highly 
significant in reducing pesticide losses to drain­
age water. Data suggest that banding of herbi­
cides could reduce herbicide leaching losses to 
less than one-tenth compared to the surface 
broadcast practice. Also the data indicate that 
herbicide leaching losses were much lower 
from manure plots compared to non-manure 
plots, a finding worth further study. 
Data on fecal coliform in the drainage water as 
affected by manure applications showed that 
the average fecal coliform count in drain water 
was less than 10, which indicates that manure 
plots have not significantly upped the fecal 
coliform presence in groundwater (though one 
count did show elevated levels). 
Compared to natural systems, agricultural sys­
tems are extremely leaky, especially with re­
gard to N. Fertilizer N recovery by corn plants 
Table 1. Management systems being evaluated at the Nashua water-quality site 
System Crop Tillage N-practice Herbicides 
1 Soybean No-tillage, drilled 
beans 
None Broadcast, 2.5 lb/A 
Lasso; 50-100 g/A 
Pursuit 
1 Corn No-tillage 
row cleaners 
25 lb/A preplant + UAN 
based on LSNT 
Band 2.5 lb/A Dual 
+ 2 lb/A Extrazine 
2 Soybean No-tillage, drilled 
beans 
None Post-emergence 
Pursuit only 
2 Corn No-tillage, row 
cleaners 
100 lbN/A preplant Broadcast Dual + 
Extrazine 
3 Soybean Chisel stover 
drilled beans 
None Broadcast Lasso + 
Pursuit 
3 Corn Field cultivate soy 
residue 
25 lb/A preplant + UAN 
based on LSNT 
Band Dual + 
Extrazine 
4 Soybean Chisel stover 
drilled beans 
None Post emergence 
Pursuit only 
4 Corn Field cultivate soy 
residue 
100 1b N/A preplant Broadcast Dual + 
Extrazine 
5 Soybean Chisel stover 
drilled beans 
None Broadcast Lasso + 
Pursuit 
5 Corn Chisel plow soy 
residue 
Swine manurej, 
-1201b, 3500 gal 
Band Dual + 
Extrazine 
6 Corn Chisel plow, cont. 
corn 
Swine manure, 
-140 1b, 4000 gal 
Broadcast Dual + 
Extrazine 
7 Corn Chisel plow, cont. 
corn 
120 1b N/A preplant Band Dual + 
Extrazine 
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may derive up to 75 percent of its N totals from 
the N-pool created by mineralization of soil 
organic matter. Over three years of study, 
higher corn yields were observed under LSNT 
for both no-till and chisel plow systems in 
comparison to single N application at 100 lb/ 
ac. The lowest corn yields were seen under 
continuous corn production for both liquid 
fertilizer and manure applications. 
Conclusions 
1) Use of lower N application rates at 100 lb/ 
ac resulted in the lowest nitrate-N concen­
trations in subsurface drainage water in 
comparison to six other N management 
systems (such as LSNT, manure applica­
tions, and other higher N application rates) 
studied at this site. 
2) Use of the late spring nitrate test (LSNT) 
resulted in the second lowest nitrate-N 
concentrations in the shallow groundwa­
ter under both no-till and chisel plow 
systems. 
3) Different cropping systems like strip crop­
ping and alfalfa resulted in the lowest 
nitrate-N concentrations (<7 mg/1) in sub­
surface drainage water in comparison to 
all the practices evaluated at this research 
site. 
4) Continuous corn plots receiving annual 
swine manure applications resulted in sig­
nificantly higher nitrate-N concentrations 
in subsurface drain water in comparison 
with manure applied corn plots rotated 
with soybeans. The use of swine manure 
under corn-soybean rotation has the po­
tential to reduce negative water quality 
impacts with proper manure management. 
5) The highest corn yields were obtained 
with the LSNT under the chisel plow sys­
tem. The second highest corn yield was 
obtained from manure plots rotated 
soybeans. 
6) Reduced herbicide inputs through band­
ing (a factor of three) resulted in signifi­
cantly reduced herbicide leaching losses 
to subsurface drainage water in compari­
son with herbicide broadcast results. 
Implications 
The results of this study indicate that increased 
emphasis should be placed on the use of soil 
tests (like the late spring nitrate test) to deter­
mine appropriate N application rates and give 
proper credit to N sources such as animal 
manure, soil residual nitrogen, and crop resi­
due. Manure and fertilizer applications should 
be based on manure nutrient test and soil N test 
information to reduce nitrate leaching and 
increase plant N uptake for better yields. Us­
ing manure analysis as a basis, animal manure 
should be applied carefully to avoid excessive 
amounts of nutrients being added to the soil. 
The use of different cropping systems like 
strip crops and alfalfa can significantly reduce 
nitrate-N leaching to groundwater while in­
creasing N self-sufficiency in sustainable crop­
ping systems. These cropping systems reduce 
N fertilizer costs for farmers and provide long-
term N2 fixation for N self-sufficiency. In­
creased use of forage legumes will help in 
maintaining long-term sustainable farming 
systems. 
Education and outreach 
In 1993, four presentations were made at the 
Nashua experimental site, including two field 
days attended by a total of more than 300 
people. The project continued to receive cov­
erage at three more Nashua field days in 
subsequent years. In 1994, the principal inves­
tigator made seven presentations on the project 
in Ames, and several were for international 
visitors. He also offered study results at the 
International Seminar on Environment and 
Water in Nepal and the American Chemical 
Society Meeting. A presentation was made at 
the National Water Quality Conference in 
Kansas City in 1995, along with appearances 
at four international meetings on environment, 
sustainability, and water quality. The project 
was reported on at the ISU Agronomy Field 
Day in September 1996 and at the Interna­
tional Conference on Environmental and Bio­
logical Engineering held in Beijing, China. 
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